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Instrumentation
HR800 Raman 
microspectroscopy 
(courtesy of Horiba Jobin Yvon)
• HR800 (Horiba Jobin Yvon)
• 785 nm wavelength 
  100 mW diode laser
• 10X objective (Olympus)
• 10 second exposure time
• Heart biopsies were placed 
  between two CaF2 windows 
   Heart Transplantation Rejection
• 2004 ISHLT standardized cardiac biopsy 
   rejection grading: acute cellular rejection
• Grade 0 – No rejection, no myocyte damage
• Grade 1 – Focal/Diffusive Lymphoid infiltration
                    No myocyte damage
• Grade 2 – Lymphoid infiltration
                    Focal myocyte damage
• Myocyte damage °Ê Raman spectral difference
Susan Stewart et al., Revision of the 1990 working formulation for the standardization
of nomenclature in the diagnosis of heart rejection, The Journal of Heart and Lung
Transplantation 24 (2005), no. 11, 1710–1720.
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*Jenny Smith Paul Crow Nicholas Stone, Catherine Kendall and Hugh Barr, 
Raman spectroscopy for identification of  epithelial cancers, 
Faraday Discuss. 126 (2004), 141–157.
º Catherine Kendall Martim Birchall Nicholas Stone, Pela Stavroulaki and Hugh Barr, 
Raman spectroscopy for early detection of laryngeal malignancy: Preliminary results, 
Laryngoscope 110 (2000), 1756–1763.
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   Principal Component Analysis
• Normalized Raman spectral data = X
• Covariance of X = _x
• (_I – _x)_ = 0
• _: eigenvector of _x
• _: eigenvalue corresponding to _
• I: identity matrix
• Principal component matrix = P
• P = _X 
• Separating Raman spectral data into classes
       Linear Discriminant Analysis 
• Maximize the between-class scatter matrix (SB) 
   while minimize the within-class scatter matrix (Sw)
• _: eigenvector of SB/Sw
• Linear discriminant matrix = L
• L = P_
• Providing a discriminant line between classes
All fingerprint region
Multivariate Statistical Analysis
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